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1 
Thts invention relates, generally, to the electro- 
deposttton of molybdenum alloys and it bas par- 
ticular relation to the electrodeposition of alloys 
of molybdenum with cobalt, nickel or iron. 
Among the objecte of this invention are: To 
provtde for the electrodeposttion of alloys of mo- 
lybdenum wtth cobalt, nickel and iron; to tm- 
prove the current efficiency in the electrodeposi- 
tion process; to increase the molybdenum content 
of the alloy deposited on the cathode; and to pro- 
vide a new bath for use in accomplishtng these 
objects. 
The Plating bath in accordance with the tnyen- 
tion contains an 0rganic hydroxy acid or com- 
plexing agent, such as cttric acid, tartartc acid 
and glycolic acid, a soluble molybdate, such as 
sodium molybdate and ammontum molybdate, a 
compound of the alloying metal (cobalt, nickel or 
tron), such as the sulfate, ammonium hydr0xide 
and water. Electrolysis of this platingbath uing 
soluble anodes, such as cobalt, nickel, tron, or 
molybdenum anodes, or an insoluble anode, such 
as platinum, effects the deposition of an alloy 
of molybdenum with the alloying metal (cobalt,. 
nickel or iron) on the cathode. The cathode may 
be formed of any suitable material such as plati- 
num, gold, copper, iron, nickel, cobalt, brass, or 
other metals or alloys. While the temperature of 
the plating bath may vary from room retapera= 
ture fo the boiling point of the solution, bst 
sults are obtained when if is kept at a tempera- 
ture of fr0m 20 to 30 ° C. There aPPears to be no 
critical cathode current density for the plting 
bath. The optimum current density is dependent 
on other electrolysis conditions and the composi- 
tion of the bath. Cathode current densities that 
bave been round fo be satisfactory vary from 
about 1 ampere per square decimeter to 22.2 am- 
peres per square decimeter. 
Experimental work in connection with this in- 
vention shows that the concentration of the alloy- 
tng metal compound in the plating bath is not 
critical. However, tt was round that the amount 
of complexing agent, citric acid in accordance 
with this invention, which is required depends 
upon the amount of alloying metal compound 
which is present. While the amount of the com- 
plexing agent is not critical, it appears tht, when 
citric actd is employed, a slight excess of it over 
the amount of alloying metal compound is re- 
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quired. Preferably a ratio of about 1.5 moles of 
citric acid to one mole of the alloytng metal ts 
employed. 
The amount of the soluble molybdate com- 
5 pound which ts used to provide a good alloy de- 
posit on the cathode vartes according to the elec- 
trolysis conditions. In accordance with this in- 
vention sodium molybdate is employed.- Satts- 
factory alloy deposits bave been obtained from 
10 baths of the present invention containing less 
than two grams per liter and as much as forty 
grams per liter of sodium molybdate. The use 
of four grams of sodium molybdate per liter gives 
excellent results. 
15 In order to obtain satisfactory alloy deposits 
on the cathode it is necessary fo control the pli 
of the plating bath. While alloy depostts of mo- 
lybdenum can be obtained from plating baths 
of the present invention with a range of pI-I from 
three to nine, it appears, in general, when the 
bath is neutral or basic (pli 7 to 9), higher cath- 
ode current densities are required. For ttie co- 
balt-molybdenum bath, a pli of 4 appears to be 
 most satisfactery. For the nickel-molybdenum 
25 bath, a pli of either four or eight is satisfactolT. 
For the iron-molybdenum bath, a pli of six was 
round to give optimum results. In accordance 
with this invention ammonium hydroxide is em- 
 ployed for adjusting the pli of the bath. 
30 The amount of molybdenum present in the al- 
loy deposit on the cathode is dependent on the 
electrolysis conditions and the composition of 
the bath. In general, the highest percentage of 
molybdenum (50% or more) was obtained with 
35 iron as the alloying metal. The lowest percent- 
age of molybdenum was obtained when nickel was 
used as the alloying metal. 
The following baths are typical of those which 
can be used fo give satisfactory molybdenum 
40 alloy deposits. 
Cobalt-molybdenum plating bath 
Cobalt sulfate hepta.hydrate ......... grains__ 60 
45 Citric acid ........................... do .... 66 
Sodium molybdate ................... do .... 4 
Ammonium hydroxide sufficient te provide a 
.pli of 4 
Water to give a total volume of 1 liter 
50 Temperature of 25 ° C. 



3 
Wtth the cobalt-molybdenum bath adjusted to 
a pli of 4, electrolysis al ten amperes per square 
decimeter deposited a cobalt-molybdenum alloy 
on the cathode containing 6.9 per cent molybde- 
hum wtth a cathode current eiïlciency of 36 per 
cent. When the pli of the bath was increased 
fo six, electrolysis al the same current density 
deposited an alloy on the cathode containing 27.2 
per cent molybdenum al a cathode current efll- 
ciency öf 40«per cent. 
Nickel-molybenum plaing bath 
Nickel sulfate hexahydrate .......... grains__ cri0 

4 
date, and suffictent ammonium hydroxide fo pro- 
vide a pli ranging from 4 fo 8. 
5. The invention, as set forth in claim 4, where- 
in the cathode current density ranges from 1 fo 
5 22.2 amperes per square decimeter. 
6. A bath for electrodepesiting an alloy of 
molybdenum and a metal of the class consisting 
of cobalt, nickel and iron consisting essentially 
of an aqueous electrolyte containing 60 grams per 
10 qiter -of-a:sulfaterselectedïfrom"the«lass constst- 
 ing ,of-cobalt, nickel alïd iron, citricacid in an 
amount in excess of the sulfate, 2 fo 40 grains per 
qiter of sodium molybdate, .and suffictent ara- 

Cltrlc acid ......................... do .... 66 .,.nonium«hydroxide £o provide a pli of from 4 fo 8. 
Sodium molybdate ................. :tic__-  15 7. The-irv_eri%ion. as set forth in claim 6, where- 
/h-nmonium hydroxide suf[Icient fo proglde the in 1.5 racles:of 'citlJc acid are used fo one mole of 
required pli sulfate.. 
Water to give a total volumeof .1 tirer :8. A .bath -for :electrodepositing an alloy of 
Temperature of 25 ° C. moly.bdenum.and a metal of the class consisting 
With a bath pli of 4 and a current densityf 20 0f cblt,_nickel and iron consisting essentially 
ten amperes per square decimeter, the nickel of .an aqueous electrolyte containing 60 grains per 
molybdenum alloy deposit on,the cthode:con- " -liter 0fa-sulfaeselected from the class conslst- 

tained 13 per cent molybdenum and the cathode " 
cm'rent eiïlciency was 24 per cent. When the»pH 
of the bath was increased to 8, electrolysis al this 25 
-.saine current density deposited an .alloy on. the 
 cathode ..containing I:58 ..per cent mo!yb'denum 
wit a cathode current efiïciency of 62 per cent. 
Iron-molybdenum paingï.bah 30 
Ferrous sulfa-te heptahydrate ....... grains__60 
Citric acid ........................ do .... 66 
Sodium ïnolybdate .................. do .... 4 
Ammonium hyoxide sufiïcient .to provide.£he 
required pH 
-Water to give.a:total.volume.of. 1 liter. 
Temperature of 25 ° C. 
When the pli 'of. the bath was ad3usted:::to 6, 
eectrolysis al t0 amperes persquaë deCimeter 
deposited an alloy-on th e cathode containing 48.6 
per cent molybdenum.at a cathOde-current 
ficiency Of I7 per cent. On increasing' the 
of' the bath to 7, etectrolysis al the:same' current 
density deposited 'an"gtloy containing:62per cent 
molybdenum ;with a-current:efficiency Of t3:per 
Cent. 
Whatis claimed.asnew is: 
1. Method of electrodepositing an ..a21oy  Of 
olybdenum and a metal of the classconsSting 
of- cob alt, n.ckel and ]ron which 'compses :-:pass- 
ing current bet.ween an .anode and a .cathode on 
which the alloy -is to be deposited in-an: aqueous 
e,"ectrolyte consisting essentially 0f-60 grains per 
liter of a sulfate selectèdïrom the.Class consist- 
ng of 'cobalt, nickel andïron, citric :acid in an 
amount in excess of the sulfate, 2 t,40.:grams 
per liter of s0dum-mo!ydate,, and sicient 
ammonium hydroxide to provide .a pli Of fròm 
4 to 8. 
2. The invention, as set:-forth in claim 1;vhere- 
in 1.Smoles'of citric:-acid :are-used toone moto Of 
sulfate. 
3. The invention, asset f0rth in'.etaim=2,where- 
in the cathode current-density'ranges"from: late 
22.2 amperes per square decimeter. 
4. Method of .electrodepositing an alloy of 
molybdenum and a metal Of the class-consisting 
of cobalt, nckel and iron which comprises: pass- 
- ing current bet'een an anode and a cthode :,on ï0 
which .the alloy is to bedepositédinan .aqueo.Us 
electrolyte consiating :.essentially-of 60.gamspe r 
liter of a sulfate selected from the class_consit- 
ing of cobalt, nickel.and iron, 66 gams per:]iter 
of citric acid, 4 grains per-liter,of.sodiummo:dY.b- 

ingof cobalt, nickel and iron, 66 grams per liter 
 of citic.., acid, 4 grains per liter of sodium molyb- 
date, and sufiïcient ammonium hydroxide to pro- 
vide a pHof from 4 fo 8. 
9. A .bath for electrod.epositg an allgY .of 
molybdenum and. a metäl of the class :consising 
of cobalt, nickel-and iron consisting, essentially Of: 
Sulfate selected from the .class consisting-of 
cobalt, nickel and iron .......... gms__ 0 
 Citric acid .......... " ....  ......... -do .... "66 
Sodium molybdate ................. do .... 
Ammonium hydroxide slfficient o-prvidea 
pHranging from 4 fo 8. 
Water-to give a volume of 1. liter. 
10. A :bath .for :electrodepositing n alloy of 
4O" moiybdenum and ° cobalt consisting :essentillyof: 
Cobalt sulfate heptahydrate ....... /grams 
.Citric. acid .......................... _do ..... 66 
Sodium molyhdate ................... do ..... 4 
Ammonum hydroxide, su.,.cient .to  provide a 
-pH.of,. 
Water .to:give a 'olume of 1, liter. 
11. A bath for electrodepositing an.all0y 5f 
motybdenum and cobalt consisting essentialy of: 
5° Cobalt sulfate heptahydrate ....... grams__ S0 
Citricacid ........................... do ...... 66 
 Sodium molybdate .................. _tic .... 
 Ammonium"hydroxide sufficient toprovide;a 
-ptt of:6. 
Waterto :give:a volume of î liter. 
12. -A .bath ïor electrodepositing -an: alloy of 
molybdenum.and nickel consisting essentially:.of: 
Nickel sulfate hexahydrate L ........ grains__ 60 
. Citric..acid_ 
Sodium_ molFbdate ................... do .... .4 
 .Ammonium. l%:droxde, sufficient i¢o -9ovde:a 
pli of 4. 
Water to give a volume -of. 1 :iter. 
13. A bath  for. electrodepo»itlng ..an aI10Y _of 
m01ybdenum, and nickel ¢onsisting sssentiall:of: 
-Nickel-sulfa, te hexahydrate ........ grams__ 60 
l:Citric--ucid ........................ :edo .... ' 66 
:Sodium maOlybdate ................. _do .... 4 
Ammonium h[droxide sufficient to_ provide a 
. pi-Lof 8. 
'Water togive a volume of..li]iter. 
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14. A bath for electrodepositing an alloy of 
molybdenum and iron consisting essentially of: 
Ferrous sulfate heptahydrate ...... grams__ 60 
Citric acid ......................... do .... 66 
Sodium molybdate .................. do .... 4 5 
Ammonlum hydroxide sufficient to provide a 
pli of 6. 
Water to give a volume of 1 lier. 
MATITIEW L. HOLT. 10 
HENRY J. SEIM. 
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